Abstract: Using the HILDA Survey, this study examines state-dependence and stepping stone effects of low pay in Australia. The results show that both state-dependence and stepping stone effects of low pay are present after observed and unobserved individual heterogeneity is accounted for. The results also show that, other things being equal, people who are on low pay are more likely to be in employment in the future than those who are either unemployed or not in the labour force. On the other hand, people on low pay do not appear to be more likely to become jobless in the future than those on higher pay.
Introduction
Using the first eleven waves of the Household, Income and Labour Dynamics in Australia (HILDA) Survey, this study examines whether and to what extent low pay employment is persistent (i.e., state-dependence of low pay), and whether and to what extent low pay leads to higher pay (i.e., stepping stone effects of low pay), among Australian workers. While there is a sizable literature on persistence of low pay overseas, Australian research on this issue is limited.
Increasing earnings inequality over the last three decades or so and an emphasis on a work-first approach to welfare reform since mid-1990s have prompted an increasing number of studies on low pay employment in industrialised economies. These studies are aimed at enhancing understanding how low paid workers fare in the labour market, particularly whether low paid workers tend to stay in low pay employment or use it as a stepping stone to higher pay. Answers to these questions have important policy implications.
From a welfare policy perspective, if low pay employment acts as a stepping stone to higher pay, welfare reforms that promote employment, even it is low paid, such as the work-first approach to welfare recipients, have a good chance to improve the financial wellbeing of welfare recipients over time and are therefore justified. On the other hand, if low pay employment tends to be persistent or even leads to a vicious cycle between low pay and unemployment, an appropriate level of in work benefit provided through the welfare system may be required to alleviate financial difficulty of low paid workers (Cappellari 2002 (Cappellari , 2007 Buddelmeyer et al. 2010) .
From an earnings inequality perspective, transitory low pay means that earnings inequality is shared among individuals over their life-cycle, while persistent low pay implies low pay concentrates in a fraction of the population, who may be excluded from sharing economic prosperity in the long-run. Therefore, while an adequate minimum wage is a justifiable policy instrument if low pay is persistent, it may not be appropriate if low pay is transitory and acts as a stepping stone to higher pay, since a wage floor established by minimum wages may reduce the opportunity for low-skilled workers to enter employment in the first place (Cappellari 2002 (Cappellari , 2007 . 1 Descriptive analysis of survey data tends to indicate persistence of low pay employment.
However, observed persistence in low pay may have various causes, which in turn has different policy implications. For example, persistent low pay may be due to persistent individual characteristics, such as low skills (i.e., observed heterogeneity) and/or low ability (i.e., unobserved heterogeneity), and therefore has nothing to do with previous labour market or earnings experience. On the other hand, past low pay experience itself may cause low pay in the future (i.e., genuine state-dependence of low pay), leading to persistence in low pay. There are several possible reasons for genuine state-dependence in low pay employment. For example, low pay employment may not lead to accumulation or may even cause deterioration of human capital if a low paid job is of low quality; and this consequently reduces the chance of low paid workers moving into a higher paid job in the future. From an employer's perspective, past low pay employment may be viewed as a signal of low productivity of the worker, which again reduces the chance of the worker moving into a higher paid job. Obviously, persistence of low pay as a result of genuine state-dependence requires a different policy response than persistence of low pay resulting from persistent differences in individual characteristics.
With the availability of panel data, an increasing number of studies have been devoted to the dynamics of low pay employment (e.g., Gregory and Elias 1994; Sloane and Theodossiou 1998; Gosling et al. 1997; Stewart and Swaffield 1999; Cappellari 2002 Cappellari , 2007 Cappellari and Jenkins 2008; Clark and Kanellopoulos 2009; Stewart 2007) . These studies examine what factors affect workers' low pay status with a particular interest in genuine state dependence of low pay. These studies estimate state-dependence of low pay by examining the difference between the probability of remaining in low pay and the probability of transitioning into low pay from higher pay, taking into account the differences in individual characteristics. Statistically significant state-dependence of low pay has been found by a number of studies even after observed and unobserved individual heterogeneity is accounted for (e.g., Cappellari and Jenkins 2008; Uhlendorff 2006; Clark and Kanellopoulos 2009; Stewart 2007) .
2
A related theme of research in low pay dynamics examines whether low pay employment and unemployment are inter-related. This question arises due to the concern that low paid workers may cycle between low pay and unemployment with little hope to move up the labour market ladder. For example, descriptive analyses by Dunlop (2001) and Perkins and Scutella (2008) , while using different data sources, show that low paid workers are more likely than higher paid workers to move into joblessness in the future. As shown in Table 1 later, descriptive analysis in this current study produces a similar result. That is, on a year-on-year basis, workers on low pay have a higher probability of transitioning to either unemployment or not in the labour force (NILF) than workers on higher pay for both males and females. This descriptive result has not taken into account the impacts of observed and unobserved individual heterogeneity.
Using the first seven-wave HILDA survey to examine the dynamics of unemployment, Buddelmeyer et al. (2010) find that relative to higher pay, low pay experience has only a modest effect on the probability of experiencing unemployment in the future when observed and unobserved individual heterogeneity is accounted for. This result is consistent with Cappellari and Jenkins (2008) for the UK men; but different from Stewart (2007) who finds that low wage employment has almost as large an adverse impact as unemployment on future employment prospects and that low wage jobs act as the main conduit for repeated unemployment. Uhlendorff (2006) finds that for German men those on low pay have a higher probability of becoming jobless than those on higher pay, although the difference is not statistically significant.
Most of the earlier studies on persistence of low pay treat low pay as a binary variable and infer state-dependence of low pay by comparing the predicted probability of remaining in low pay with the predicted probability of transitioning into low pay from higher pay (e.g., Stewart and Swaffield 1999; Cappellari and Jenkins 2008; Clark and Kanellopoulos 2009) . As such, the potential stepping stone effects of low pay are often not examined by these studies, because inferring the stepping stone effects would need to compare the probability of transitioning into higher pay from low pay with the probability of transitioning into higher pay from nonemployment states (i.e., unemployment and NILF).
In a dynamic Probit model framework and using the German SOEP, Knabe and Plum (2010) examine the stepping stone effect of low pay relative to unemployment by including both lagged unemployment and lagged low pay as the right hand side variables. They find that low pay can act as a stepping stone to better pay employment, particular for those who do not have a college degree, who have been unemployed more often in the past and whose low paid job carries a relatively high social status. While the model takes account potential endogeneity of initial low pay, initial unemployment is assumed to be exogenous. Given their estimation results show that initial low pay is not exogenous, it is likely that initial unemployment is endogenous.
Consequently, the estimates of the model are likely to be biased.
Departing from the earlier studies on low pay persistence, this current study examines both state dependence and stepping stone effects of low pay employment by estimating a dynamic random effects multinomial logit model. It appears the only study that takes a similar approach is Uhlendorff (2006) . Using the German Socio-Economic Panel Study (SOEP) waves 1998 to 2003, Uhlendorff (2006) examines low pay dynamics of German men and finds that while there exists genuine state-dependence in low pay as well as in non-employment, there is also evidence of a stepping stone effect of low pay as compared with non-employment.
However, unlike Uhlendorff (2006) who treats unemployment and NILF as one labour force state (i.e., non-employment), this current study models the two non-employment states separately. The distinction between NILF and unemployment is particularly important in estimating the stepping stone effect of low pay since the stepping stone effect may differ depending on whether low pay employment is compared with NILF or with unemployment. A priori, one would expect that those who are unemployed are more likely than those who are out of the labour force to obtain a higher paid job. That is, the stepping stone effect of low pay employment is expected be larger when NILF than when unemployment is used as a counterfactual to low pay employment. Also, unlike the earlier studies that tend to exclude females from their analyses, this current study examines low pay dynamics of both Australian males and females.
The results from the current study show that both state-dependence and stepping stone effects of low pay are present among Australian workers after observed and unobserved individual heterogeneity is accounted for. The results also show that, other things being equal, people who are on low pay are more likely to be in employment in the future than those who are either unemployed or NILF. On the other hand, people on low pay do not appear to be more likely to become jobless in the future than those on higher pay. In other words, the evidence provided in this study does not support a low pay-no pay cycle among Australian workers.
Econometric model and estimation strategy

Econometric model
The key question of this study is whether, and to what extent, current labour force/earnings status, particularly low pay state, affects future labour force/earnings status. To answer this question, we need to model the transition of the labour force/earnings states -NILF, unemployment, low pay and higher pay -over time.
The four labour force/earnings states do not have a natural order from an individual perspective.
One statistical model that is often used to model labour market outcomes that have no a natural order is the multinomial logit model. Under this modelling framework, at a point of time t, an individual i occupies one of the four mutually exclusive labour force/earnings states: NILF, unemployment, low pay and higher pay (denoted by k =1,2,3 and 4). The probability of individual i occupying a state k at time t (i.e., P i,k,t ) is assumed to be determined by the individual's previous labour force/earnings status and a vector of other observed and unobserved individual characteristics, The inclusion of unobserved individual heterogeneity in the model, and the fact that the data do not provide information on individuals from the beginning of their working life, imply that the initial labour force/earnings status observed in the data (i.e., ) is unlikely to be random and exogenous. This causes the initial condition problem for the dynamic model as specified in equation (1) are independent, we take the Mundlak's (1978) approach to specify
where ̅ is a (row) vector containing the means (over time) of the exogenous variables ( ).
is typically a subset of the time varying variables in . , and represent the random effects independent of any observed explanatory variables and are assumed to follow a multivariate normal distribution with mean zero and a covariance matrix . The parameters in are to be estimated along with all the coefficient parameters in the model ).
For model identification purposes, one set of the coefficient parameters and one random effect associated with a particular labour force/earnings state choice have to be normalised to zero. We normalise the set of the parameters and the random effect associated with NILF to zero.
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Model estimation strategy
The probability of observing individual i to take a sequence of labour force/earnings states over the time period from t=1 to T, conditional on the random effects , can be written
where , if labour force/earnings state k is taken by individual i, and otherwise.
The unconditional probability can then be written as,
In the multinomial logit model framework it is infeasible to estimate a fixed effects model. On the other hand, the assumption that unobserved heterogeneity is independent of all observed variables in a random effects model is often too strong. The unobserved heterogeneity specified in equation (3) is a compromise between fixed effects and random effects models. 5 That is .
where is the joint distribution function of the random effects , and . The three-dimensional integral is evaluated using simulation methods, with assumed to be normal with mean zero and a covariance matrix ,
where R is the number of random draws from the distribution of ; and are the r th random draws from their joint distribution. We use Halton sequence to generate 50 random draws to simulate the likelihood function. It has been shown that Halton sequence draws perform better than simple random draws in terms of approximating the objective function (Train 2003) . The likelihood function of a sample with N individuals is the product of equation (7) over the sample. A Gauss program written by the author is used to estimates the parameters by maximizing the log-likelihood function of the sample.
Estimation of state-dependence and stepping stone effects
The non-linear nature of the multinomial logit model makes interpretation of the coefficient estimates difficult. Unlike in a linear model, the coefficient estimates from a multinomial logit model cannot be interpreted as marginal effects. In particular, state-dependence and stepping stone effects of low pay, the focus of this study, cannot be directly inferred by reading the coefficient estimates on the lagged dependent variables. This subsection therefore describes how state-dependence and stepping stone effects can be inferred from the estimated model.
As noted earlier, state-dependence refers to the effect of being in a state now on the probability of being in the same state in the future. Empirically, state-dependence can be estimated by the difference between the probability of remaining in a state and the probability of transitioning into the state from another state. Given the estimated coefficient parameters of the model ̂, statedependence of low pay for an individual i with characteristics C i =(Xi, Zi), conditional on unobserved heterogeneity , can be computed as,
for k=1, 2, 4. This is the difference between the probability of remaining in low pay and the probability of transitioning into low pay from another labour force/earnings state.
In those earlier studies that define low pay as a binary dependent variable, state-dependence of low pay is estimated as the difference between the probability of remaining in low pay and the probability of transitioning into low pay from higher pay. In our multiple-state modelling framework, state-dependence of low pay is not unique -it varies depending on the comparative labour force/earnings state, as shown in equation (8).
Following the same strategy of estimating the model, the conditioning on unobserved heterogeneity can be integrated out through simulation by repeatedly drawing from the estimated distribution of to estimate the unconditional state-dependence as ∑ .
Similarly, the stepping stone effect of low pay can be estimated by the difference between the probability of transitioning into higher pay from low pay and the probability of transitioning into higher pay from unemployment or from NILF. For an individual i with characteristics C i =(Xi, Zi), conditional on unobserved heterogeneity , the stepping stone effect can be computed as,
where k=0 or 1. Unobserved heterogeneity is integrated out in a similar way as in estimating state-dependence, so that ∑ .
In the result section, the sample means of the estimated state-dependence and stepping stone effects are reported. That is, ∑ ; and ∑ .
Data and model specification
Data source and low pay definition
This paper uses data from the first 11 waves of the HILDA Survey. Wooden et al. (2002) and Watson and Wooden (2012) document details of this survey. In the first wave, 7,683 households representing 66 per cent of all in-scope households were interviewed. This generated a sample of 15,127 persons who were 15 years or older and eligible for interviews, of whom 13,969 were successfully interviewed. Subsequent interviews for later waves were conducted about one year apart.
The HILDA survey contains detailed information on individual characteristics, labour market outcomes, activity and history. Information on labour force status and earnings is used to define the dependent variable, labour force/earnings status (i.e., NILF, unemployment, low pay and higher pay). Classification of people into NILF and unemployment follows the conventional approach in labour economics: NILF refers to individuals who are not employed and not actively seeking for a job; unemployment refers to those who are not employed but actively looking for work.
However, there is not a consensus on how to define low pay (and consequently its counterpart, higher pay). First, there is the issue whether weekly earnings or hourly earnings should be used to define low pay. Like most other household surveys, the HILDA data provide information on weekly earnings. However, using weekly earnings to define low pay is problematic for those who work part-time -they are likely to be classified as on low pay, simply because they work fewer hours and the low hours worked are out of their own choice (e.g., they prefer leisure to work or are balancing work with caring responsibilities). To avoid this problem, in this study hourly earnings are used to define low pay status and hourly earnings are derived by dividing weekly earnings by weekly hours worked from the main job. 6 Using hourly earnings may overestimate low pay for those who reported very long working hours as a result of unpaid overtime. To partly remedy this problem, weekly working hours are top-coded at 55 hours a week.
Another issue in defining low pay is where to set the low pay threshold, the hourly earnings level below which workers can be classified as on low pay. Different thresholds have been used in the literature. This study uses two low pay thresholds to test the robustness of the results: (a) two thirds of the median hourly earnings, which appears to be the most popular definition for low pay (Buddelmeyer et al. 2010) ; and (b) the first quintile of the hourly earnings distribution, which has been used in a number of studies.
The sample used in this study includes Australian employees aged between 21 and 60 years (inclusive). 7 Following convention, full-time students in the age range are excluded.
Observations with missing dependent and independent variables are also excluded for a self- Summary statistics of the sample are presented in Appendix Table a1 . Consistent with findings in earlier studies (e.g., Healy and Richardson 2006; McGuinness et al. 2007) , low paid workers tend to be single, young, low educated, and migrants from non-English speaking backgrounds.
The sample is an unbalanced panel and naturally there would be a concern over the potential impact of attrition on the estimation results. However, in a similar modelling framework to the current study, Uhlendorff (2006) shows that panel attrition can be treated as exogenous with respect to low pay and non-employment dynamics of German workers. In addition, Cappellari and Jenkins (2008) show that panel attrition is not a concern in modelling low pay transitions of the UK workers, where low pay is defined as a binary variable. Given these pieces of empirical evidence, we expect ignoring panel attrition should have little impacts on the estimation results. waves of the HILDA data. For males, the transition rate from unemployment to higher pay over a year period is about 37 per cent, while the transition rate from low pay to higher pay is about 51 per cent. The difference between the two transition rates is about 14 percentage points. For females, the gap of the transition rates is higher, at about 18 percentage points. The difference in the transition rate into higher pay between those who are from low pay and those who are from NILF is around 40 percentage points for both males and females. Therefore, for both males and females those who are on low pay have a higher probability of transitioning into higher pay in the following year than those who are either unemployed or NILF. This suggests that low pay employment has a stepping stone effect relative to either unemployment or NILF.
Transitions of labour force/earnings status
On the other hand, low pay does show stickiness relative to other labour force/earnings states.
That is, those who are on low pay tend to have a higher probability to be in low pay in the following year than those who are not on low pay. For example, for males the probability of remaining in low pay in the following year for those who are on low pay in this year is about 42
per cent, compared with 4, 10 and 3 per cent respectively for those who are on higher pay, unemployed and NILF in this year. A similar pattern exhibits for females.
However, we should not draw inferences on stepping stone effects and/or state-dependence of low pay from this simple cross-tabulation, since these results may be driven by observed and/or unobserved differences in individual characteristics. For example, the summary statistics show that those who are on low pay are less likely to have a health condition than those who are unemployed or NILF, and this may explain why those on low pay are more likely to move to higher pay than those who are not employed. In addition, it is also likely that those who are on low pay have better unobserved skills (e.g., ability) than those who are not employed and therefore are more likely to move to higher pay in the future. The model described earlier controls for the differences in both observed and unobserved individual characteristics and thus allows for more accurate inferences regarding the stepping stone effect and state-dependence of low pay employment.
Model specification
As discussed earlier, (one year) lagged labour force/earnings states are included in the model as explanatory variables to estimate the stepping stone effect and state-dependence of low pay employment. Labour force/earnings states at the time when they first entered the survey are also included to address the initial condition problem.
In addition to the lagged and initial labour force/earnings status variables, the following explanatory variables are included as control variables in the model: education (six dummies indicating the highest education qualification obtained, including degree or higher, diploma, certificate level 3-4, certificate level 1-2, year 12, and year 11 and below); age (five age category dummies); marital status (one dummy indicating whether a person is married or partnered);
health (one dummy indicating whether long-term health condition is present); country of birth (three dummies indicating whether a person was born in Australia -OZ born, an immigrant from an English speaking country -ESC, or an immigrant from a non-English speaking country -NESC); age of the youngest child (five dummies indicating no dependent children under 18, youngest child aged 0-2, youngest child aged 3-5, youngest child aged 6-11, and youngest child aged 12-17); the total number of children aged under 18 years; and region of residence (four dummies representing cities, inner regions, outer regions and remote areas).
Furthermore, wave dummies are included to control for the effect of time; they may also capture the impacts of macroeconomic conditions and policy settings on labour force/earnings status. For the mean variables to account for correlated random effects, the means of the time-varying variables marital status, health and the number of children are included in the model.
Estimation result
The main results are shown in panel (b) of Table 2 . To facilitate discussion of the results, the mean predicted transition probabilities of the sample are presented in panel (a) of Table 2 . The coefficient estimates of the models can be found in Appendix Table a2 .
Stepping stone effect
The estimates for the stepping stone effects are shown in column IV of panel (b) in Table 2 . As discussed earlier, they are the differences between the probability of transitioning into higher pay from low pay and the probability of transitioning into higher pay from unemployment and NILF.
The estimates indicate a statistically significant stepping stone effect of low pay employment.
Also, consistent with our earlier conjecture, the stepping stone effect is larger when low pay employment is compared with NILF than when it is compared with unemployment.
The estimated stepping stone effects are quantitatively similar between the two measures of low pay for both males and females. For males, compared with those who are out of the labour force, those who are on low pay have a 13 to 15 percentage point higher probability of transitioning into higher pay in the following year; compared with those who are unemployed, those who are on low pay have a 5 to 6 percentage point higher probability of transitioning into higher pay in the following year. For females, the stepping stone effect of low pay as compared to NILF is around 14 percentage points; and the stepping stone effect as compared to unemployment is about 6 percentage points. Therefore, there does not appear to be a gender difference in the stepping stone effects of low pay employment.
For German men, Uhlendorff (2006) estimates that those on low pay have a 5 to 6 percentage point higher probability of transitioning into higher pay in the following year compared with those who are not employed. This result is not directly comparable to that in this current study since Uhlendorff (2006) does not distinguish unemployment from NILF.
State-dependence
The estimates for state-dependence are shown in column III of panel (b) in Table 2 . The results
show that relative to other labour force/earnings states, those who are on low pay have a higher probability of being on low pay in the following year, an indication of state-dependence of low pay employment. For example, using the two-third median low pay definition, men who are on low pay have a 4 percentage point higher probability of being on low pay in the following year, compared to men who are out of the labour force or unemployed. Compared to men who are on higher pay, state-dependence is found to be around 5 percentage points. The estimates for statedependence are generally larger for females than for males for both measures of low pay.
State-dependence of low pay as compared to higher pay estimated in this study for Australian males is larger than that in Uhlendorff (2006) (1999) for British men, which ranges from 0.14 to 0.25 depending on the models and definitions of low pay.
However, the state-dependence estimates for low pay employment as compared to NILF and unemployment need to be interpreted with caution. This is because for those who are NILF or unemployed, their lower probability of transitioning into low pay relative to those who are on low pay is not because the former have a better chance of transitioning into higher pay than the latter, rather it is because the former have a higher probability of remaining not employed than the latter. For example, the estimates in columns I and II of panel (b) in Table 2 indicate that for males, compared with those who are out of the labour force, those who are on low pay have a 15
percentage point lower probability of moving out of the labour force, and a 4 percentage point lower probability of becoming unemployed in the following year. Compared with those who are unemployed, those who are on low pay have a 5 percentage point lower probability of moving out of the labour force, and 4 percentage point lower probability of becoming unemployed in the following year.
As a result, those who are on low pay have a higher probability of remaining employed in the following year than those who are either unemployed or NILF. If, from a society's perspective, employment, even low paid, is a more desirable outcome than non-employment (e.g., due to lower welfare spending and higher tax revenue), low pay employment is preferable than nonemployment for its impact on future employment.
Does low pay lead to joblessness?
As discussed earlier, empirical evidence on the low pay -no pay cycle has so far been mixed in the literature. What can we learn from our estimates on this issue? Column II of panel (b) in Table 2 shows the difference between the probability of transitioning to unemployment from low pay and the probability of transitioning to unemployment from other labour force/earnings states.
The results indicate that those who are on low pay have a slightly higher probability of transitioning to unemployment than those who are on higher pay for both males and females.
However, these transition probability differences are very small in magnitude and statistically insignificant, indicating that those who are on low pay are roughly equally likely to transition into unemployment as those who are on higher pay, a result consistent with that of Buddelmeyer et al. (2010) . Furthermore, the results in column I of panel (b) in Table 2 indicate that those who are on low pay are more or less equally likely to transition into NILF as those who are on higher pay. Therefore, overall the results here do not support a low pay -no pay cycle after observed and unobserved heterogeneity is accounted for.
Conclusion
Using the first 11 wave HILDA Survey, this study examined whether and to what extent low pay is persistent (i.e., state-dependence of low pay), and whether and to what extent low pay leads to higher pay (i.e., stepping stone effects of low pay). To this end, a dynamic random effects multinomial logit model was estimated separately for male and female Australians to account for observed and unobserved individual heterogeneity, and state-dependence and stepping stone effects of low pay were then computed from the estimated models.
The results show that both state-dependence and stepping stone effects of low pay are present after observed and unobserved individual heterogeneity is accounted for. That is, other things being equal, those employees who are on low pay are more likely to be found on low pay in the future, compared with those who are not in the labour force, unemployed or on higher pay. On the other hand, other things being equal, those who are on low pay are more likely to move into higher pay in the future than those who are either not in the labour force or unemployed.
While there is evidence on state-dependence of low pay employment, people who are on low pay are found to be more likely to be in employment in the future than those who are either unemployed or not in the labour force. In addition, those who are on low pay do not appear to be more likely to move out of employment than those who are on higher pay. These results suggest that there is not a low pay -no pay cycle among Australian workers, once observed and unobserved individual heterogeneity is accounted for.
The findings that low pay works as a stepping stone to higher pay and does no lead to nonemployment provide supportive evidence for the work-first approach in welfare reforms and also suggest that minimum wages should be set at an appropriate level that promotes employment, even if they are low paid. 
